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Let G be any group and F a class of groups. We want to consider the intersection of all maxi-
mal F -subgroups (which means as usual of all subgroups which are maximal with respect to being
an F -subgroup). There are two very old results in this direction: (1) The intersection of the maximal
abelian subgroups of any group G is the center Z(G), (2) the intersection of the maximal nilpotent
groups of a ﬁnite group is the hypercenter Z∞(G). The initial group classes, abelian groups and nilpo-
tent groups, are of different ﬂavour since both are subgroup closed formations, but one is saturated
and the other is not. We will consider saturated formations as a start for this concept.
Notations. Consider a class of groups F . We will denote the intersection of all maximal F -subgroups
of a group G by D(F).
The subgroup O p′ (G) is the maximal normal p′-subgroup of G , while O p(G) is the intersection
of all normal subgroups of p-power index in G . Whenever H/K is a quotient group of two normal
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J.C. Beidleman, H. Heineken / Journal of Algebra 333 (2011) 120–127 121subgroups of G , we write as abbreviation CG(H/K ) = {x | x ∈ G, [x, H] ⊆ K }. Whenever the group G
of reference is clear by the context, the subscript G is omitted.
Unless indicated otherwise, groups in this article are ﬁnite and solvable.
A formation is a class of groups that is closed with respect to epimorphic images and subdirect
products. It is saturated, if G belongs to it whenever G/Φ(G) belongs to it. It has a local deﬁnition by
group classes f p such that G/C(H/K ) ∈ f p for all p-chief factors H/K . These classes are taken to be
closed with respect to subdirect products and free of nontrivial normal p-subgroups. If all groups in F
are p′-groups, by deﬁnition f p is the empty set. Every class f p is a formation and for the f p-residual
U fp =⋂U/T∈ f p T we have U/U fp ∈ f p . For further particulars see Doerk and Hawkes [2, Section IV.3,
p. 356]. For our key statement we will need a system {gp} of group classes derived from the local
deﬁnition { f p} given above.
Deﬁnition. Let F be a saturated formation with local deﬁnition { f p}. Then
(i) gp is empty if and only if f p is empty,
otherwise L ∈ gp if
(ii) all F -subgroups U ⊆ L have a p-group as its f p-residual U fp ,
(iii) O p(L) = 1.
Like the classes f p , the classes gp are not formations, but we obtain
Lemma 1. Every nonempty class gp is closed with respect to subdirect products.
Proof. Let A, B ∈ gp and C, D be normal subgroups of G such that
C ∩ D = 1; G/C ∼= A; G/D ∼= B.
Then G is a subdirect product of A and B . Consider a subgroup U ∈ F of G . We obtain that the
quotient groups U/(U ∩ C), U/(U ∩ D) also belong to F . Now U/(U ∩ C) ∼= UC/C ⊆ G/C ∼= A and
U fp C/C = (UC/C) f p is a p-group, and this means that U fp/(U fp ∩C) is a p-group. Substituting (B, D)
for the pair (A,C) we obtain also that U fp/(U fp ∩ D) is a p-group. Since C ∩U fp ∩ D = C ∩ D = 1 we
have that U fp is a p-group, and condition (ii) is satisﬁed for G . By G/C ∼= A we obtain O p(G)C/C ⊆
O p(G/C) ∼= O p(A) = 1, so O p(G) ⊆ C and by analogy O p(G) ⊆ D . Now O p(G) ⊆ C ∩ D = 1 and (iii)
is satisﬁed for G . 
Note that for nonempty gp the gp-residual Ggp = ⋂G/N∈gp N satisﬁes the rule G/Ggp ∈ gp by
Lemma 1.
Main Theorem. Let F be a subgroup closed saturated formation and G be a solvable group. Then the intersec-
tion D(F) = D of all maximal F -subgroups of G is the biggest among the normal subgroups M of G with the
following properties:
(i) If gp is empty, then (|D|, p) = 1.
(ii) If f p is nonempty and H/K is a p-chief factor of G such that H ⊆ M, then G/C(H/K ) ∈ gp .
Proof. The biggest normal subgroup with the properties of the Main Theorem exists; it is the product
of all normal subgroups satisfying the conditions given. We will denote this subgroup by V . If gp is
empty, so is f p , and V and D are p′-groups. So the validity of (i) is clear. For (ii) we will show ﬁrst
D⊆ V by proving that the given condition is true for D. The second step will be to show the opposite
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F -subgroups contain V .
First, let H/K be a p-group and a G-chief factor with H ⊆ D, and let U ⊆ G/C(H/K ) be an F -
subgroup. We deﬁne Y by U = Y /C(H/K ) and the minimal supplement W of C(H/K ) in Y . Since
F is saturated we have W ∈ F . W is contained in a maximal F -subgroup X ⊆ G and D ⊆ X by
deﬁnition of D. So WD⊆ X is an F -subgroup since F is subgroup closed. Let
K = T0 ⊂ T1 ⊂ · · · ⊂ Tm = H
be a ﬁnest series of WD-invariant subgroups. Then WD/CWD(Ti+1/Ti) is an f p-subgroup and⋂
0i<m CWD(Ti+1/Ti)/CWD(H/K ) is a stability group of the sequence given above, and hence
a p-subgroup. So WD/CWD(H/K ) is an extension of a p-subgroup by an f p-group; this shows
D⊆ V .
For the opposite direction we consider some F -subgroup Y and we want to show that V Y is an
F -subgroup. This will be done by an induction argument. We take a ﬁnest series
1 = H0 ⊂ H1 ⊂ H2 ⊂ · · · ⊂ Ht = V
of G-invariant subgroups, and complete this to a ﬁnest series of V Y -invariant subgroups
1 = L0 ⊂ L1 ⊂ L2 ⊂ · · · ⊂ Ls = V .
So for every index a < s there is an index b < t such that
Hb ⊆ La ⊂ La+1 ⊆ Hb+1.
We know that Y /Y ∩ V ∼= V Y /V = V Y /Ls is an F -subgroup and we will show now that V Y /Ln−1
is an F -subgroup if n > 0 and V Y /Ln is an F -subgroup. By construction of the series there is an
index m such that Hm−1 ⊆ Ln−1 ⊂ Ln ⊆ Hm , and since V Y /Ln is an F -subgroup, the same is true for
V Y /Hm and by
V Y /CV Y (Hm/Hm−1) ∼= V Y CG(Hm/Hm−1)/CG(Hm/Hm−1) ⊆ G/CG(Hm/Hm−1).
Let Ln/Ln−1 be a p-subgroup. Then so is Hm/Hm−1, and the F -subgroup V Y CG(Hm/Hm−1)/
CG (Hm/Hm−1) of G/CG (Hm/Hm−1) is an extension of a p-subgroup by a group belonging to f p .
The group V Y /CV Y (Ln/Ln−1) is isomorphic to a subgroup of a quotient group of the group mentioned
before, but without a nontrivial normal p-subgroup. This shows that V Y /CV Y (Ln/Ln−1) belongs to f p
and so V Y /Ln−1 belongs to F . So the proof of the induction step is complete, and the induction
yields that V Y is an F -subgroup. The Main Theorem has been shown. 
Remark 1. For the saturated formation of nilpotent groups we have f p = {1} for all p and it is easy
to see that also gp = {1} for all p. Using the Main Theorem leads to the well-known statement of the
introduction that the intersection of all maximal nilpotent subgroups of a group G is the hypercenter
Z∞(G).
Corollary 2. Let G be a group and p a prime. The intersection D of all maximal p-nilpotent subgroups of G has
the following properties:
(i) O p′ (D) = O p′ (G);
(ii) D/O p′ (D) = Z∞(G/O p′ (D)).
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in question we have f p = {1} and also gp = {1}. F (G/O p′ (G)) and Z∞(G/O p′ (G)) are p-groups. Now
Corollary 2 follows by the Main Theorem. 
Corollary 3. Let p be a prime. Let D be the intersection of all maximal p-supersolvable subgroups of a
group G.
Put
F/O p′(G) = F
(
G/O p′(G)
)
and
R/O p′(G) = Z∞
((
O p(G)
)p−1(
O p(G)
)′
F/O p′(G)
)
.
Then
(i) O p′ (G) ⊆ R ⊆ D, and
(ii) D/R = Z(G/R).
Proof. An extension of a p′-group by a p-supersolvable group is always p-supersolvable, therefore we
have O p′ (G) = O p′ (D) and
O p
(
D/O p′(G)
)= F (D/O p′(G)
)= (D∩ F )/O p′(G).
Consider a chief factor H/K of G such that
O p′(G) ⊆ K ⊂ H ⊆ D∩ F .
This is a p-chief factor and we apply the Main Theorem: If S is a p-supersolvable subgroup of
G/C(H/K ) then S f p is a p-group. Thus p′-subgroups of G/C(H/K ) are abelian of exponent p − 1.
Now F (G/C(H/K )) is a p′-group and contains its centralizer. So F (G/C(H/K )) is the Hall p′-subgroup
of G/C(H/K ). We deduce that the class gp containing G/C(H/K ) consists of extensions of abelian
groups of exponent dividing p − 1 by p-groups, so C(H/K ) contains (O p(G))p−1(O p(G))′ and F .
This proves the relation (i). It is obvious that R/O p′ (G) must be the maximal normal p-subgroup
of D/O p′ (G) and therefore also the Sylow p-subgroup since D is p-supersolvable. So D/R must
be abelian and of exponent dividing p − 1. To derive a contradiction, assume that D/R  Z(G/R).
Then there are xR ∈ D/R and yR ∈ G/R such that [x, y] /∈ R . It follows y /∈ D and y can be cho-
sen an element of order a power of p. Since 〈y〉 is p-supersolvable, we obtain that 〈y〉D must
be p-supersolvable by deﬁnition of D, but 〈x, y〉R is obviously not p-supersolvable. This contra-
diction shows D/R ⊆ Z(G/R). Consider now Z(G/R) = L/R . Since R/O p′ (G) is the hypercenter of
(O p(G))p−1(O p(G))′F/O p′(G) we obtain L ∩ F = O p′ (G) and L/R is an abelian group of exponent
dividing p − 1. We will show that LU is p-supersolvable for every p-supersolvable subgroup U
of G . For this we apply the local deﬁnition for the class of p-supersolvable groups. Let H/K be
a G-chief factor such that O p′ (G) ⊆ K ⊂ H ⊆ R . By the Main Theorem we have that the group
U LC(H/K )/C(H/K ) is an extension of a p-group by an abelian group of exponent p − 1. So H/K ,
considered as a factor of U L, splits into cyclic U L-chief factors. This shows that all U L-chief factors
A/B with O p′(G) ⊆ B ⊂ A ⊆ R are cyclic. Also the U L-chief factors T /S which are p-groups with
L ⊆ S are cyclic since U L/L ∼= U/U ∩ L and T /S ∼= (U ∩ T )/(U ∩ S). This shows L ⊆ D and we have
shown the equality (ii) of Corollary 3. 
So far we have considered saturated formations with only one “interesting” local deﬁnition f p and
there were no interrelations to attend to. In this sense the class of supersolvable groups is different.
Doerk [1] has characterized the minimal non-supersolvable groups.
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and by Wp the Sylow p-subgroup of F (D). Deﬁne, for every prime p, the class of groups gp as follows: H ∈ gp
if O p(H) = 1 and for all supersolvable subgroups U ⊆ H we have: U ′U p−1 is a p-group. Then
(i) Wp is the Sylow p-subgroup of Z∞(Ggp F (G)),
(ii) D/F (D) = Z(G/F (D)).
Remark 2. The description of gp in Corollary 4 follows the Main Theorem for the case of supersolvable
groups. We give here some details: If S ∈ gp , then
(i) p′-subgroups of S are of exponent dividing p − 1,
(ii) supersolvable p′-subgroups of S are abelian.
In particular, Sylow q-subgroups of S for q = p are abelian, and S is of q-length 1 for all primes q = p.
See also Example 1 below.
Proof of Corollary 4. (i) In the case of supersolvable groups the local deﬁnition { f p} is the class of
abelian groups of exponent p − 1. The class of groups gp given in Corollary 4 is the class described
in more detail in Remark 2. So if H/K is a p-chief factor of G with H ⊆ F (D), then Ggp ⊆ C(H/K )
by the Main Theorem. By construction of gp with trivial normal p-subgroups and by maximality of D
we have Wp = Z∞(Ggp F (G)). This shows (i).
Let xF (D) ∈ D/F (D) and yF (D) ∈ G/F (D) such that [x, y] /∈ F (D). Then 〈y〉D is not supersolvable
but 〈y〉 is supersolvable, a contradiction showing
D/F (D) ⊆ Z(G/F (D)).
Again we have equality here by the maximality of D; Corollary 4 is shown. 
An element x of a group G is called a generalized central (g.c.) element of G provided that 〈x〉
permutes with every Sylow subgroup of G . The generalized center of a group is the characteristic
subgroup genz(G) = 〈x | x is a g.c. element of G〉. Note that genz(G) is a nilpotent subgroup of G . The
generalized central series of G is a set of normal subgroups of G:
〈1〉 = G0 ⊆ G1 ⊆ · · · ⊆ Gm ⊆ G
such that Gi+1/Gi = genz(G/Gi) for i = 0,1, . . . ,m. The terminal member of this series is called the
hyper-generalized-center of G (see [4]). Let T be the hyper-generalized-center of G and let A be a
supersolvable subgroup of G . Then T A is supersolvable by Theorem 5.7 of [4, Chapter 1, p. 21]. Thus
T ⊆ D(F) where F is the saturated formation of supersolvable groups. The question if T = D(F) is
posed in [4, Chapter 1, p. 22]. That this is not the case is seen in the following example.
Example 1. Choose p = 211, then p−1 = 210 = 2 ·3 ·5 ·7. For any integer m denote the dihedral group
of order 2m by D2m and the cyclic group of order m by Cm . Construct the iterated wreath product
(((((
(D2p  Cp)  C3
)  Cp
)  C5
)  Cp
)  C7
)  Cp = W .
The Hall p′-subgroup of W has a Sylow tower of order reverse to that of supersolvable groups, all
of its Sylow subgroups are abelian, and it is of exponent p − 1. So all supersolvable p′-subgroups of
W are abelian, and supersolvable subgroups S of W are extensions of p-groups by abelian groups of
exponent p − 1.
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subgroup M of W , which is ((D2p)′)W = ((D2p)W )′ , the only minimal normal subgroup of W . Also
D/F (D) = Z(W /F (D)) is of order 2.
Surely Z(W ) = genz(W ) = 1.
We want to consider now extensions of nilpotent groups by groups belonging to a formation R
which is subgroup closed but not necessarily saturated. In this case we have another characteristic
subgroup T(R) deﬁned below (where we omit the formation whenever the formation is clear).
Theorem 5. Assume that G is a group and that R is a subgroup closed formation, and deﬁne T(R) = T by the
following conditions:
(i) T∩ GR is the hypercenter of GR ,
(ii) T= CG(T/T∩ GR).
If U ⊆ G such that UR is nilpotent, then also (UT)R is nilpotent.
Proof. We have here the following local description: f p consists of those groups belonging to R
whose normal p-subgroups are trivial. Assume that L ∈ f p . Since f p is subgroup closed, we obtain
that M ∈ f p if M ⊆ L and, in particular, M fp = 1. Also, all subgroups of L belong to R ⊆ N R . Now
groups L ∈ f p satisfy the conditions (ii) and (iii) for gp and f p ⊆ gp . Because of this inclusion we
have that T is contained in the intersection of all maximal N R-subgroups and so T(R) ⊆ D(N R). 
Remark 3. We will see later on that both cases, equality and inequality, are possible in the relations
of the last line.
As in [2, pp. 24 and 22], we denote the terms of the descending central series of a group G by
Km(G), the terms of the derived series by G(n) .
Corollary 6. Let F be the formation of extensions of nilpotent groups by the class Nc of nilpotent groups of
nilpotency class c. Let G be a group and put D= D(F).
Then F (D) = Z∞(Kc+1(G)F (G)) and D/F (D) = CG/F (D)(Kc+1(G)F (G)/F (D)).
Proof. The formation F is saturated. Consider W = G/C(H/K ) for a p-chief factor H/K of G with
H ⊆ D. If F (W ) = W , choose a normal subgroup V of W such that V ′ ⊆ F (W ) ⊂ V . Since V is not
nilpotent, Kc+1(V ) = 1 is a nilpotent p′-subgroup, contradicting the Main Theorem. So V does not ex-
ist and W = F (W ) is nilpotent, and by the same argument Kc+1(W ) = 1. We have found for this case
f p = gp = Nc for all primes p. By Theorem 5, we have for all subgroups U with nilpotent Kc+1(U )
that the product T(Nc)U is nilpotent by nilpotent-of-class c. So T(Nc) ⊆ D(F). On the other hand,
T(Nc) is maximal with respect to the following property: If H/K is a G-chief factor and H ⊆ T(Nc),
then G/C(H/K ) is nilpotent of class c. So f p = gp . A G-chief factor H/K with H ⊆ F (D) (⊆ F (G))
is a central chief factor of F (G)Kc+1(G), so F (D) = Z∞(Kc+1(G)F (G)) and F (G) ∩ D = F (D); now by
Theorem 5 the remaining equality of Corollary 6 holds. 
Example 2. Consider the group K of exponent 5 with |K | = 53 and |Z(K )| = 5 and form the split
extension by L ∼= S3 such that F (K L) = K . Assume that F is the formation of extensions of nilpotent
groups by nilpotent groups of class c. Denote DK L(F) by D. Then
F (D) = D= K ′ = K = F (K L).
This show that F (D) and F (G) need not coincide in Corollary 6.
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D= D(F). Then F (D) = Z∞(G(n)F (G)) and D/F (D) = CG/F (D)(G(n)F (G)/F (D)).
Proof. The formation is saturated, we may apply the Main Theorem. Let H/K be a chief factor
of G such that H ⊆ F (D). Assume that (G/C(H/K ))(k) = 1 = (G/C(H/K ))(k−1) and k > n. Then
(G/C(H/K ))k−1−n is of (exact) derived length n + 1 and therefore nilpotent by solvable-of-derived-
length-n. Now 1 = ((G/C(H/K ))(k−1−n))(n) = (G/C(H/K ))(k−1) is an abelian normal subgroup of
G/C(H/K ) and therefore a p′-group since H/K is a p-chief factor. This contradicts the Main Theorem
and shows k n. Therefore we have also for this formation f p = gp (with the class Dn of all solvable
groups of derived length n for all f p). Likewise the two equalities are shown as in Corollary 6. 
Remark 4. Corollaries 6 and 7 were shown by Li and Shen [3] for the (identical) special cases
c = n = 1. They considered the subgroup A1(G) = ⋂U⊆G N(U ′) and formed the sequence 1 ⊆ A1 ⊆· · · ⊆ Ai . . . such that Ai+1(G)/Ai(G) = A1(G/Ai(G)) for all i. We denote the maximal term of this
sequence by A. They show that A coincides with our subgroup D for this special case, even if G is
not solvable. Using their procedure for B1(G) = ⋂U⊆G N(Kc+1(U )), we obtain B = D, again also for
non-solvable groups. This follows from the following three facts:
(i) minimal non-nilpotent groups are solvable;
(ii) Z(Kn(G)) ⊆ B1(G);
(iii) B1(G/Z∞(Kn(G))) ∩ G/Z∞(Kn(G)) = 1.
Corollary 7 cannot be extended in this way for n > 1, however. To see this, consider the class of
nilpotent by metabelian groups and as the non-solvable group M the alternating group of degree 5.
Using the formula of Corollary 8 we have D(M) = 1 (since M is simple and not metabelian), while all
normalizers of second derived subgroups U ′′ of subgroups U of M coincide with M (since all proper
subgroups of M are metabelian).
The following is an example of inequality in Remark 3.
Corollary 8. Denote by F the formation of all extensions of nilpotent groups by groups of exponent 2. For the
group G we deﬁne V p ⊇ (O p(G))2 by V p/(O p(G))2 = O p(G/(O p(G))2) for all odd primes p and V2 = G.
The intersection D of all maximal F subgroups of G is described by the following conditions:
(i) The Sylow p-subgroup Wp of F (D) is the Sylow p-subgroup of Z∞(V p),
(ii) D/F (D) = Z(G/F (D)).
Proof. We have here f2 = {1} and f p is the class of all groups of exponent 2 if p is odd. We have
immediately g2 = {1}. Let H/K be a G-chief factor with H ⊆ D; a p group for some odd p. Then
F (G/C(H/K )) is a 2-group. If W is a Sylow 2-subgroup of G , then WD belongs to F and W 2D is
nilpotent. This shows that F (G/C(H/K )) is an elementary abelian 2-group, it is also a selfcentralizing
and a Sylow 2-subgroup of G/C(H/K ). The corresponding complement must be a p-group, since all
nilpotent subgroups of it are p-groups. This yields for odd primes p: gp is the class of extensions
of elementary abelian 2-groups by p-groups with only trivial normal p-subgroups. It follows that
V p = Ggp , and (i) follows. Since D2 is nilpotent, we have also Wp ⊆ D since p is odd. For p = 2
we had g2 = {1} and D/F (D) ⊆ Z∞(G/F (D)). Again we have F (G) ∩ D = F (D). Let V =⋂p V p . Then
D/F (D) ∼= DV /F (D)V = DV /V since F (D) = Z∞(V ). Since G/V is an extension of an elementary
abelian group by a group of odd order, we obtain D/F (D) = Z(G/F (D)) by the Main Theorem. 
The next result has its similarities to Corollary 4.
Proposition 9. Let p be a ﬁxed prime and consider the formation F of all groups of p-length 1. Then the
subgroup D= D(F) of the group G can be deﬁned in the following way:
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O p′(G) ⊆ M ⊆ D
with M/O p′ (G) = Z∞(O p′ (G)O p′ (G)/O p′ (G)) and D/M = O p′(G/M).
Proof. Here, for the prime p mentioned in the proposition, we have that f p = gp is the class of p′-
groups while fq = gq is the class of all groups if q = p. Remember that the quotient group M/O p′ (G)
must be a p-group. The result follows directly from the Main Theorem. 
In the next statement an analogy to Corollary 4 does not seem to be apparent. Notice that in the
given situation we have a local deﬁnition by { f p} where no f p is empty, consists of {1} only, or is the
class of all groups, also the subgroup D deﬁned can have any Fitting length.
Proposition 10. Let F be the class of all groups of p-length 1 for all primes p. The intersectionD of all maximal
F -subgroups of the group G is the maximal normal subgroup satisfying the following condition:
If H/K is a p-chief factor of G such that H ⊆ D, then G/C(H/K ) is a p′-group.
Proof. Assume that H/K is a q-chief factor of G with K ⊆ H ⊆ D, and that the Sylow q-subgroup S
of G/C(H/K ) is nontrivial. Let W = F (G/C(H/K )), then W is a q′-group and W S is of p-length 1
for all primes p. By the Main Theorem we should have that O p
′
(W S) is a q-group which is obviously
not the case. This shows that G/C(H/K ) is a q′-group (and fq = gq). Proposition 10 is shown. 
Finally we turn our attention to another class of groups which is similar to the previous one
in some aspects. We begin with a deﬁnition that differs slightly from the usual one, compare
with [2, pp. 358, 359].
Deﬁnition. Denote by < ∗ a partial ordering of the set Π of all primes. A group G belongs to the
class of Sylow < ∗-tower groups, if and only if the following is true: If U ⊆ G is a {p1, p2} group and
p2 ≮ ∗p1, then U is p1-nilpotent.
Notice that this includes the nilpotent groups (for the empty partial ordering).
Proposition 11. For a given partial ordering < ∗ for the set Π of all primes, let Λp = {q | q < ∗p}. Denote by
D the intersection of all maximal Sylow < ∗-tower subgroups of a group G. Then D is maximal with respect to
the following condition:
If H/K is a G-chief factor with H ⊆ D and a p-group, then G/C(H/K ) is a {p} ∪ Λp-group if Λp is not
empty and G/C(H/K ) = 1 otherwise.
Proof. The class of Sylow < ∗-tower groups is a subgroup closed saturated formation with the local
deﬁnition that f p is the class of Λp-groups (if this subset of primes is empty, f p = {1}). We have
to ﬁnd gp . Consider a prime q such that q ≮ ∗p. Then q-subgroups of G/K centralize H/K and so
G/C(H/K ) is a q′-group. It follows that gp is the class of {p} ∪ Λp-groups if Λp is nonempty. If Λp
is empty, then f p = gp = {1}. Now Proposition 11 follows from the Main Theorem. 
References
[1] K. Doerk, Minimale nicht überauﬂösbare, endliche Gruppen, Math. Z. 91 (1966) 198–205.
[2] K. Doerk, T. Hawkes, Finite Soluble Groups, Walter de Gruyter, Berlin/New York, 1992.
[3] Shirog Li, Zhencai Shen, On the intersection of the normalizers of derived subgroups of all subgroups of a ﬁnite group,
J. Algebra 323 (2010) 1349–1357.
[4] M. Weinstein (Ed.), Between Nilpotent and Solvable, Polygonal Publishing House, Passaic, NJ, 1982.
